makes the Sun and stars like it Sun-like. In the Sun, convection and rotation lead to complex motions of the conducting plasma of the convective outer layer. Those motions generate a magnetic dynamo that is based in or just below the outer layer. The magnetic field produced by the dynamo can then grip the solar wind of high-speed charged particles beyond the Sun's surface, and so angular momentum is steadily lost.
The loss of angular momentum is a slow process for the present-day Sun, but we also know that, because of their faster spin rate, young Suns generate much stronger magnetic fields. The magnetic dynamo provides a feedback mechanism that causes convergence in the spins of stars that have the same age but different initial rates. Observationally, that convergence seems to occur by about the age of the nearest loosely bound star cluster, the Hyades -that is, 600 million years or so.
Star clusters are fundamental to studies of angular-momentum loss because they provide good-sized samples of stars sharing the same composition and age. But the problem is that there are few clusters older than the Hyades. Clusters get ripped apart as they orbit in our Galaxy owing to tidal forces from objects such as giant molecular clouds or black holes (the source of the effect is still poorly understood). Such break-up accounts for why stars are spread all over the sky, as opposed to being concentrated in clusters, but it also means that clusters older than 0.5 billion years or so are inherently rare, and thus few are near the Sun. Compounding the difficulty, the faint stars in these more distant clusters have fewer and smaller star spots. These are regions of lower temperature than the surrounding surface that cause the star to dim and brighten when they rotate in and out of view, and so can be used to measure the star's spin. The few small spots on older stars yield variations in starlight that are hard to detect using ground-based telescopes.
That is why the capabilities of a mission such as NASA's Kepler satellite, with its exquisite measurements of stellar brightnesses, is essential, and so why Meibom and colleagues' work, which is based on Kepler data, matters. The authors used the satellite to measure the rotation period of 30 cool stars in the star cluster NGC 6819 (Fig. 1) , which is about 2.5 billion years old. NGC 6819 therefore fills the large gap in age between the Sun and existing cluster observations. By using methods such as the study of rotation, Kepler has revolutionized stellar physics as much as it has the study of exoplanets. It means that we can consider using the slow, steady spindown of Sun-like stars as a way of determining their ages.
But this method of estimating a star's age has limitations. The main one is that we do not understand the physics of rotation and angular-momentum loss in Sun-like stars, and the rotation-age relation remains purely empirical. This is fine if we can calibrate that relation well and if there is a tight correspondence between rotation and age. But stars can acquire extra angular momentum late in their lives by swallowing a companion, such as another star or a planet. Orbiting objects have much more angular momentum than has a star, and so even small bodies can be significant. We know of no means by which a star can have its angular momentum stolen, and so these accumulations add a systematic uncertainty.
Also, as noted, older stars have at best only weak variations in their light. With even the highest-precision measurement, we cannot always see the signal of the Sun's rotation. Likewise, not all stars reveal their rotation to us even when we badly want them to; nature is indifferent to our curiosity. But persistence can pry out those secrets. 
PLANT BIOLOGY

Seeing the wood and the trees
The identification of the gene regulatory network that controls the formation of xylem -the major component of wood -opens up new avenues for manipulating plant biomass. See Article p.571
ellulose, hemicelluloses and lignin are key natural polymers that make up the bulk of plant biomass 1 . These biopolymers are also renewable resources for the production of dietary fibre, paper and biofuels 2 . On page 571 of this issue, Taylor-Teeples et al. 3 report the identification of the gene regulatory network that controls the synthesis of these biopolymers in root xylem cells of the model plant Arabidopsis thaliana.
Xylem is a plant tissue that provides mechanical support and the main mechanism for transporting water and nutrients from root to shoot tissues. To perform these important functions, xylem cells deposit a specially reinforced structure termed the secondary cell wall 1 (Fig. 1 ). Xylem secondary cell walls are composed mainly of cellulose, hemicelluloses and lignin. The cellulose forms a network of load-bearing fibres coated in hemicelluloses and embedded in lignin, providing mechanical strength and rigidity (akin to steel rods set in reinforced concrete). However, the presence of lignin is a major impediment to efficient extraction of the sugars in cellulose and hemicelluloses for their conversion to biofuels 2 . Hence, understanding how the relative proportions of these biopolymers are controlled in plant tissue would open up opportunities to re design plants for biofuel use.
Xylem cells control the relative abundance of biopolymers in part by regulating expression of the genes that encode the enzymes for polymer synthesis 4 . Expression is controlled by transcription-factor proteins that bind DNA sequences, termed promoters, close to the genes. A handful of transcription factors have been identified that control the expression of individual genes regulating the production of cellulose, hemicelluloses and lignin. But this small-scale, gene-by-gene approach has provided a highly fragmented picture of the potential regulatory interactions between xylem-associated transcription factors and their gene targets.
Taylor-Teeples et al. instead adopted a network approach -screening more than 460 transcription factors expressed in the root xylem of A. thaliana for their ability to bind the promoters of around 50 previously characterized genes that encode cell-wall components or other transcription factors involved in xylem formation. This large-scale analysis provided a remarkable overview of the regulatory process, revealing a highly interconnected network composed of some 240 genes and more than 600 new protein-DNA interactions.
The xylem regulatory network shows that each cell-wall gene is bound, on average, by 5 different transcription factors, each to transcriptional activation or repression. However, these nodes provide a framework for future research to characterize key interactions in a targeted, gene-by-gene manner, and to determine the precise regulatory structure. This will allow the identification of ways to manipulate this network to engineer different cellular properties and develop new plant varieties for biofuel use. The description of the network also helps to explain why plant transcription factors have so far largely eluded identification by genetic screens, owing to functional redundancy among regulators of secondary-cell-wall biosynthesis. This knowledge can now be used to perform moreprecisely targeted screens of gene function, by creating combinations of mutations that overcome this genetic redundancy. ■ belonging to one of 35 distinct families of regulatory proteins. This regulatory arrangement provides a huge number of combinatorial possibilities, which Taylor-Teeples and colleagues show is crucial for integrating environmental signals such as salt or iron stress -alterations in the expression of certain transcription factors allowed different sub-networks to be used to adapt the cellular response to these conditions.
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The network also reveals that many of the transcription factors are not part of simple linear pathways, but form a series of feedforward loops (FFLs). Such regulatory systems are well recognized in systems biology, and typically involve a transcription factor that controls the expression of other transcription factors, which then collectively co-regulate their target genes. For example, the authors find that the transcription factor E2Fc binds to more than 20 promoters, including those for the genes encoding the transcription factors VND6, VND7 and MYB46, as well as genes associated with cellulose, hemicellulose and lignin production. Although FFLs are common in biological systems 5 , they are remarkably numerous in the xylem network, occurring close to 100 times. They are also frequently embedded within one another, creating FFL cascades. For example, the network shows that VND7 and MYB46 also bind to the promoters of many E2Fc target genes.
So why are there so many FFLs? Not only are there many possible components, but even for simple systems with only three components, there are many possible ways to wire them 6 . Common to all FFLs is a direct path (in which a source transcription factor regulates a target gene) and an indirect path (in which the same source factor regulates an intermediate transcription factor that regulates the same target). For 'coherent' FFLs, the direct and indirect paths have the same overall effect on the target gene (both activate or repress its expression), whereas for incoherent FFLs, one path activates and the other represses. Mathematical modelling of these loops has revealed that different arrangements can produce a range of responses from target genes. For example, coherent FFLs can protect against unwanted responses to fluctuations in inputs, whereas in coherent FFLs can speed up transcriptional responses 6 . In the case of the xylem network, a coherent FFL could result in tight regulation of cell-wall gene expression, thereby promoting secondary cell-wall synthesis in a switch-like manner to prevent the deposition of secondary cell-wall material in non-xylem cells.
It is not yet possible to determine exactly what types of FFL are present in the xylem regulatory network described by TaylorTeeples et al., because although the technology used by the authors identifies interactive nodes, it cannot predict whether they relate 
Relativity tested with a split electron
Splitting and recombining an electron wave packet has been used to test relativity at a record sensitivity. The result heralds an era of precision measurements of relativity using quantum-information methods. See Letter p.592
orentz invariance is a fundamental symmetry of space-time that lies at the heart of Albert Einstein's special theory of relativity. Writing in this issue (page 592), Pruttivarasin et al.
1 show how they have tested Lorentz invariance for electrons at an unprecedented sensitivity by splitting and recombining a superposition of electron wave functions -an electron wave packet -that is bound to calcium ions. This ingenious experiment opens the door to a new generation of precision tests of relativity using quantum-information techniques.
Lorentz invariance states that the laws of physics that govern a physical system are unchanged for different system orientations or velocities. Equivalently, the laws of physics exhibit rotation symmetry (spatial isotropy) and boost symmetry. In practice, it is easier to rotate an apparatus than to boost it, and therefore many tests of relativity are designed to explore the spatial isotropy of the behaviour of a physical system. Pruttivarasin and colleagues' experiment can be viewed as a quantum analogue of two famous tests of spatial iso tropy: the Michelson-Morley experiment for electrodynamics 2 and the Hughes-Drever experiment for matter 3, 4 . The Michelson-Morley experiment uses a device called an interferometer that first splits a light ray into two beams travelling along orthogonal paths (arms), and then reflects and recombines the beams to yield an interference pattern. Monitoring the interference pattern as
